Casman, McCoy, and Brandly (2) observed that when good staphylococcal growth occurred on meat, enterotoxin A was produced. However, to obtain good growth it was necessary to use either fresh meat taken aseptically from the internal portions of various cuts, or cooked meat, because of the inability of staphylococci to compete with other organisms found in meats. When contaminating organisms were excluded, staphylococci grew abundantly and produced detectable levels of enterotoxin without marked organoleptic changes in the meat.
Miller (7) reported that the natural flora of ground pork outgrew added staphylococci at temperatures above 18.3 C. Sufficient numbers of staphylococci to produce food poisoning were 1 Present address: Biological Process & Product Improvement, Lederle Laboratories, Pearl River, N.Y. never attained. Dack and Lippitz (4) reported the failure of staphylococci to grow when inoculated into a food slurry which included a naturally occurring bacterial population. Peterson , Black, and Gunderson (10) found that appreciable numbers of staphylococci did not develop in chicken pies under any conditions of defrost, even though the pies spoiled under the test conditions. Staphylococci grew well at 37 C; however, rank spoilage occurred within 24 hr, rendering the product inedible. Thus, these workers were unable to obtain an edible product containing large numbers of staphylococci. They also found definite repressive effects on the growth of staphylococci when a mixture of saprophytic and psychrophilic bacteria was present (11) . The repressive effect became more pronounced as the staphylococcal portion of the bacterial population decreased. These workers found that the competition be-VOL. 14, 1966 STAPHYLOCOCCAL GROWTH AND ENTEROTOXIN IN MEAT tween staphylococci, saprophytic organisms, and psychrophilic organisms was extremely active up to room temperature. Even when large numbers of staphylococci were achieved, the tremendous numbers of saprophytes also obtained would render a food organoleptically unacceptable before sufficient staphylococci grew to be a potential hazard. Troller and Frazier (13) found that maximal inhibition occurred between 20 and 25 C and at a pH range of 6.2 to 7.4. These workers also observed that inhibition was markedly increased as the ratio of inhibitor to staphylococci increased.
Oberhofer and Frazier (9) examined 66 cultures of food bacteria, and found that Escherichia coli, fecal streptococci, a nisin-producing strain of Streptococcus lactis, and meat lactobacilli inhibited staphylococci. The inhibitory effect varied with the temperature and the test medium. Troller and Frazier (14) studied the nature of inhibition produced by seven different food bacteria. The inhibition of staphylococci by Serratia marcescens and Pseudomonas sp. was caused by a competition for nutrients. However, five other organisms (Bacillus cereus, Proteus vulgaris, E. coli, Aerobacter aerogenes, and Achromobacter sp.) were found to produce an inhibitory substance relatively specific for staphylococci and micrococci. Graves and Frazier (5) reported that, of 14 cultures influencing the growth of staphylococci, over one-half were inhibitory, whereas some were stimulatory. The lactic acid bacteria were mostly inhibitory, but the other groups of bacteria contained more stimulatory cultures than inhibitory ones. It should also be noted that some cultures were stimulatory according to one test, but were inhibitory in other tests.
In the present study, the influence of food microorganisms on growth and enterotoxin A production by strains of staphylococci in meats was studied. Antiserum giving a single band of precipitation in gel-diffusion tests was obtained by absorbing the antiserum with cells of enterotoxin A-nonproducing strains ofS. aureus and soluble staphylococcal antigens adsorbed onto aluminum hydroxide (1) .
MATER IALS AND METHODS

Cultures
Preparation ofenterotoxin A. In selecting a suitable method for detecting the presence of enterotoxin A in meat slurries, a comparison was made of the sensitivities of the slide and tube gel-diffusion tests. The enterotoxin A present in 250 ml of culture filtrate from a 72-hr semisolid Brain Heart Infusion Agar (BHIA) culture was concentrated approximately 50 times. This was accomplished by first precipitating the protein with 85% saturated ammonium sulfate followed by dialysis against 0.85% saline until a negative barium chloride reaction was obtained. The dialyzed protein fraction was concentrated further by lyophilization. The mesenteroides, and S. lactis showed an increase in numbers. The incubation temperature appeared to inhibit the Achromobacter, Flavobacterium, and six of the pseudomonad strains, since these organisms failed to grow in pure culture at 35 C. B. megaterium and B. linens also failed to grow with staphylococci when incubated at 25 C, and no improvement in the growth of the lactic acid bacteria was observed. The remaining organisms, however, grew well in association with staphylococci at 25 C.
The growth and enterotoxin production of strain 265-1 grown in association with food organisms at 35 C is presented in Table 1 . The staphylococcal growth given is the highest 10 Table 1 that adverse effect on enterotoxin formation. Their effect ranged from a slight decrease in enterotoxin concentration to the complete prevention of the formation of detectable levels of enterotoxin. For example, there was no significant difference in staphylococcal growth with A. aerogenes, Klebsiella pneumoniae, P. vulgaris, P. aeruginosa, and S. faecalis; however, there were marked differences in the amounts of enterotoxin formed with these organisms.
When strain 265-1 was grown in cooked beef slurries in association with the 23 food microorganisms at 25 C, enterotoxin A could be demonstrated in only 1 culture (B. cereus after 36 hr) by the double-diffusion tube test. B. cereus also stimulated enterotoxin production by strain 196E when grown at 25 and 35 C in ham slurry.
A comparison of the growth and enterotoxin formation of S. aureus 265-1 grown in ham slurry with various food microorganisms is presented in Table 2 . Of the 22 organisms tested, only B. cereus was found to stimulate enterotoxin production. Of the 22 food microorganisms, 14 inhibited enterotoxin formation at 25 C. However, of the 14 organisms inhibiting enterotoxin formation, only 10 also inhibited staphylococcal growth. Enterotoxin formation at 35 C was inhibited by 11 of the 22 organisms, but only 2 cultures (S. marcescens and S. plymuthica) markedly inhibited staphylococal growth. It is also apparent from the results presented in Table 2 that good staphylococcal growth is necessary for enterotoxin production. However, enterotoxin formation does not always accompany good staphylococcal growth. Both strains of E. coli inhibited enterotoxin formation at 35 C; however, only strain 9637 appeared to inhibit enterotoxin formation at 25 C. Four of the 22 food microorganisms failed to grow at 35 C. These four organisms grew well at 25 C, and two of the four (Achromobacter sp. 104 and Pseudomonas sp. 93) inhibited enterotoxin formation. It can also be concluded from the data presented in Table 2 that inhibition of staphylococcal growth and enterotoxin formation is more pronounced at 25 C than at 35 C.
The data presented in Tables 1 and 2 are similar to results obtained with raw beef and raw pork (not tabulated). Slurries prepared from cooked pork did not appear to support the growth of staphylococci as well as the other meats tested. Reduced growth was more obvious at 25 C than at 35 C. Enterotoxin production was also reduced in the cooked pork slurries. Studies reported by Casman, McCoy, and Brandly (2), with enterotoxin formation on meat slices, also showed that cooked pork yielded the lowest level of enterotoxin of meats tested. These workers did not find, however, that staphylococcal growth was also decreased on slices of cooked pork. Determinations of the pH of various slurries revealed that cooked pork slurry had a pH of 6.6, and the other slurries ranged in pH from 6.1 to 6.4. When staphylococcal strain 265-1 was inoculated into slurries of ham (pH 6.3) and pork (pH 6.6) and incubated at 25 C for 7 days, the final pH of the two slurries was 6.5 and 7.3, respectively. Enterotoxin assays by means of the double-diffusion tube test were made daily over the 7-day period. Precipitin bands were formed from the ham filtrate after 3 days, and from the cooked pork slurry after 5 days. These results suggested that the pH of the two slurries may be responsible for the difference in growth-supporting properties of the two media. However, when the pH of the pork slurry was adjusted to 6.2, no significant increase in staphylococcal growth or enterotoxin production was observed. It was concluded, therefore, that decreased staphylococcal growth and enterotoxin formation in slurries of cooked pork was due to factors other than pH. This does not, however, rule out the possibility that pH may be one of the factors involved. (5) reported that of seven cultures found to be stimulatory according to a plate test, two were stimulatory in broth, two were slightly inhibitory, and three were definitely inhibitory. Thus, it was apparent that the influence of a given culture on staphylococcal growth may vary from stimulation to inhibition, depending on environmental conditions.
In general, two types of staphylococcal inhibition by food microorganisms were observed; that is, marked inhibition of staphylococcal growth, and inhibition of enterotoxin formation with no apparent effect on growth. The first type may be due to the formation of an antibiotic substance. Reduced levels of enterotoxin may be the result of competition for an essential nutrient for enterotoxin formation, or a breakdown of the enterotoxin by food microorganisms. It is also possible that an antibiotic substance was produced in quantities sufficient for the inhibition of enterotoxin formation, but not for significantly reducing staphylococcal growth. The formation of antibiotic substances by food bacteria has been reported by Troller and Frazier (14) . These workers isolated an antibiotic substance from E. coli that was found to be especially effective against staphylococci and micrococci. An antibiotic substance effective against S. aureus 196E was also found by these investigators in culture filtrates of B. cereus. Of the 44 organisms used in this study, however, only B. cereus was found to cause a significant increase in enterotoxin formation by strains of enterotoxigenic staphylococci, including strain 196E. This difference could have been due to environmental factors influencing antibiotic formation or a difference in the strain of B. cereus used.
It was obvious from the results that organisms commonly occurring on meats may influence staphylococcal growth or enterotoxin production, or both. Indications were that inhibition occurs more often than stimulation in meats. However, it was apparent that the effect of food microorganisms on strains of S. aureus was markedly influenced by environmental conditions. Evidence was also found indicating that the presence of relatively large numbers of staphylococci in meats was not sufficient proof of the presence of enterotoxin.
